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© Klebsiella oxytoca No. 19-1 and a process for producing alpha-cyclodextrin. 

© The present invention relates to a new strain of 
Klebsiella oxytoca No. 19-1 separated from soil di- 
gesting starch and producing a-cyclodextrin with a 
very high selectivity and also to a process for pro- 
ducing a-cyclodextrin exclusively in high yield from 
starch by use of cyclomalto-dextrin glucanotrans- 
ferase produced by the strain. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a new strain of 
Klebsiella oxytoca No. 19-1 capable of producing 
a-cyclodextrin exclusively from starch, and to a 
process for producing a-cyclodextrin from starch 
with cyclodextrin glucanotransferase produced by 
the strain. 

Cyclodextrins are cyclic oligosaccharides com- 
posed of glucose units and have known as host 
molecules which have torus in the molecule ca- 
pable of forming inclusion complexes with various 
kinds of organic compounds, mainly with hydro- 
phobic compounds. 

Thus.cyclodextrins have been widely used in 
the fields of foods, chemicals, pharmaceuticals and 
agricultural chemistry and so on, in view of the 
following advantages: 

- Modification of physical and chemical prop- 
erties.for example.stabilization of volatile ma- 
terials, protection against oxidation and UV 
degradation, increment in solubility of water- 
insoluble materials, shifting of colors, and de- 
odorization. 

- Emulsification of fats and oils. 

- Acceleration and control of reaction, and im- 
provement of yield. 

Cyclodextrins are composed of 6,7 or 8 glu- 
cose residues which are bound by a-1,4-glucosidic 
linkage, and called a-, £- or -y-cyclodextrin depend- 
ing on the number of carbon residue, 6,7 or 8, 
respectvely. The existence of branched cyclodex- 
trins connected by a-1 ,6-glucosidic linkage has 
also been reported and the property of them is 
quite different from each other. 

Extensive application of a-cylcodextrin among 
them, is expected in the food and medical indus- 
tries, since a-cyclodextrin has higher solubility in 
water than £ -cyclodextrin and is hardly digested by 
a-amylase of saliva and intestine, thereby classified 
as a non-metabolized dietary fiber which is not 
harmful to human body and digested by some 
Bacteroides when adsorbed into the body. 

In conventional processes for producing a- 
cyclodextrin, starch as a substrate is reacted with 
an enzyme preparation selected from culture me- 
dium or various steps of purification which is ob- 
tained by cultivating microorganisms capable of 
producing cyclodextrin glucanotransferase, and a- 
cyclodextrin is then obtained from reaction mix- 
tures by treatment of organic solvents or com- 
plicated processes, for example, gel filtration. 

Up to now, various strains producing cyclodex- 
trin have been public, particularly, there are typical 
strains producing a-cyclodextrin such as Bacillus 
macerans, Bacillus s tearothermophilus and Kleb- 
sieila pneumoniae. 

However, since the strains known as microor- 



ganisms producing a-cyclodextrin do not produce 
only a-cyclodextrin but produce simultaneously an- 
other types of cyclodextrins, it is still required to 
complicated purification process in preparation of 

5 a-cyclodextrin in high degree of purity. 

Meanwhile, it was reported that the production 
of a-cyclodextrin was also increased by the pres- 
ence of water-immiscible organic solvent like n- 
decyl alcohol and detergent like sodium dodecyl 

io sulfate in the reaction mixture. 

However, the use of toxic solvents or deter- 
gents seems to be undesirable since a-cyclodextrin 
produced using these are prohibited in food pro- 
cessing, and consequently it has confronted a 

75 problem requiring more complicated purification 
steps to remove the added chemical compounds. 

Recently, Japanese Patent Laid-opened No. 
89-225493 discloses a a method of producing a- 
cyclodextrin from Klebsiella pneumoniae subsp. 

20 pneumoniae a-CD, without any treatment of toxic 
solvents or detergents to promote the production of 
a-cyclodextrin. However, this method is; still re- 
quired to improve the process since there are 
some disadvantages in this method in point of 

25 concomitant production of large amounts of 0- 
cyclodextrin, low production yield of a-cyclodextrin- 
(10g/L),and prolonged reaction time of 3days, al- 
though this method does not produce branched 
cyclodextrins. 

30 

SUMMARY OF INVENTION 

The present invention aims to provide a new 
strain producing a-cyclodextrin exclusively from 
35 starch and also to provide process for producing a- 
cyclodextrin with cyclodextrin glucanotransferase 
produced by the strain. 

DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENT 

The present invention relates to a new strain, 
Klebsiella oxytoca No. 19-1 having the ability to 
produce a-cyclodextrin with a very high selectivity 

45 from starch. 

And, the present invention includes a process 
producing a-cyclodextrin exclusively by reacting 
starch as a substrate with an enzyme preparation 
selected from cultured medium or various steps 

so purification which is obtained by cultivating Kleb- 
siella oxytoca No. 19-1 (KCCM 10002) capable of 
producing cyclodextrin glucanotransferase. 

It has been discovered by the present inven- 
tors that a newly isolated strain from soil and 

55 belonging to genus Klebsiella produces a similar 
enzyme to known one produced by the microor- 
ganisms belonging to genus Bacillus and Kleb- 
siella. 
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It has been further discovered that the enzyme 
produced by a newly isolated strain from soil and 
belonging to genus Klebsiella has ability to pro- 
duce a-cyclodextrin exclusively from starch. 

It has been furthermore found that industrial 
production of the a-cyclodextrin can be advanta- 
geously accomplished by use of the enzyme since 
the enzyme produces a-cyclodextrin in very high 
proportion from starch, thereby simplify the manu- 
facturing processes of a-cyclodextrin without an 
additional gel filtration process or treatment of or- 
ganic solvent. 

The microorganism according to the present 
invention belongs to genus Klebsiella and is iden- 
tified as Klebsiella oxytoca. 

This strain was named Klebsiella oxytoca No. 
19-1 and was deposited with Korean Cultured Cen- 
ter and Microorganism on November 23,1990 as 
the deposit number KCCM 1 0002. 

Taxonomical study of the strain was performed 
according to Bergey's Manual of Systematic Bac- 
teriology and API 20E Kit(France). 

Taxonomical characteristics of Klebsiella ox- 
ytoca No. 19-1 is as follows: 

1. Morphological characteristics 
Vegetable cell 

: short-rod, 0.3-0.1 urn x 0.6~3um 

Motility 

: non-motile 

Spore 

: not formed 
Gram staining 
: negative 

2. Cultural characteristics 
Nutrient agar plate : 

good growth, some protuberance and smooth- 
ness,dampness,having colony of lemon yellow. 
Nutrient agar slant : 

good growth, growing on the whole of slant. 

MacConkey agar plate: 

good growth.having colony of red pink color. 

3. Physiological characteristics 

pH for growth : 
4-9 

Temperature for growth: 
10-35'C 

Behavior to oxygen : 
facultative anaerobic 
Hydrolysis of starch 
: positive 

Hydrolysis of casein 
: negative 



Hydrolysis of carboxy methyl cellulose 
: negative 

Hydrolysis of pullulan 

: positive 
5 Liquefaction of gelatin 

: negative 

Citrates utilization 

: positive 

V.P. test 
10 : positive 

Indole production 

: positive 

H2S production 

: positive 
75 M.R. test 

: negative 

Catalase 

: positive 

Oxidase 
20 : negative 

Urease 

: positive j 
a-Galactosidase 
: positive 
25 Reduction of nitrate 
: positive 

Production of pigments 
: negative 

Tryptophane desaminase 
30 : negative 

Lysine decarboxylase 
: positive 

Ornithine decarboxylase 
: negative 
35 Arginine dihydrolase 
: negative 
Fecal coliform test 
: negative 

40 [Acid production from various sugars ] 
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Glucose 


: positive 


Mannitol 


: positive 


Inositol 


: positive 


Sorbitol 


: positive 


Rhamnose 


: positive 


Sucorse 


: positive 


Melibiose 


: positive 


Amygdalin 


: positive 


Arabinose 


: positive 



55 



In accordance with this invention, the process 
for producing a-cyclodextrin by using Klebsiella 
oxytoca No. 19-1 isolated from soil as the above 
mentioned is as follows. 

The new strain is inoculated in a composited or 
natural medium and cultivated with shaking. 

The medium should consist of starch or 
amyiopectin as a carbon source, and in addition to 
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that.a nitrogen source and inorganic salts may be 
used without limit. The strain is cultivated under the 
aerobic condition in pH adjusted to about 7, and 
then the culture temperature of 30-40 # C is prefer- 
ed. 5 

Cyclodextrin glucanotransf erase from Klebsiella 
oxytoca No. 19-1 reached its maximum activity 
after 9 hour cultivation and further increase of activ- 
ity was not observed after that time. 

In order to produce a -cyclodextrin, the enzyme 10 
being in the supernatant of culture broth may be 
used in reaction with starch without purification but 
it is preferable to use the enzyme purified partially 
by general method. 

Therefore, the present invention provides the 75 
efficient process for producing a-cyclodextrin with- 
out any aid of toxic solvents or detergents, and 
without complicated process like gel filtration to 
separate a-cyclodextrin from 0- or y-cyclodextrin in 
the reaction mixture, owing to the characteristics of 20 
the cyclodextrin glucanotransferase produced by 
Klebsiella oxytoca No. 19-1, when starch as a sub- 
strate was reacted with an enzyme preparation 
from cultured medium or partial purification of it 
under the conditions of pH 7 and 20-55° C . 25 

Following are the examples to illustrate the 
present invention in in further detail but not to limit 
the scope of the invention. 

Example 1. 30 

Klebsiella oxytoca No. 19-1 was cultivated 
aerobically in IL of the medium containing 1% 
soluble starch, 1% polypeptone, 0.1% K 2 HPO* f 
0.02% MgS0 4 ; 37 0 C, pH 7, 0.5vvm, 400rpm, 9hr. 35 

After the removal of cells by centrifugation- 
(6000xg, 5 min),supernatant was treated with three 
volumes of ethanol and maintained at 4 4 C for 
overnight. 

The formed precipitate was collected by 40 
centrifugation(6000xg, 10 min, 4°C), suspended in 
50m M phosphate buffer(pH 6),and dialyzed against 
same buffer for overnight. 

Crude enzyme used in this invention was then 
obtained by lyophilization of the suspension. 45 

The activity of cyclodextrin glucanotransferase 
was measured according to the method of Lejeune, 
A. et a. (Analytical Biochemistry, 181, p 6-11, 
1989). 1ml of approximately diluted enzyme solu- 
tion was incubated with 0.6ml of 5%(w/v) soluble 50 
starch.0. 105ml of imM methyl orange and 1.295ml 
of 50mM phosphate buffer(pH 6) at 37 *C for 10 
min. 

The reaction was ceased by addition of 
0.150ml of 6N HCI and maintained at 15° C on a 55 
water bath for 30 min. 

By determination of optical density at 507nm, 
the activity of the enzyme could be calculated with 



the prepared standard curve. 

One unit of the enzyme activity was defined as 
the amount of enzyme which produces 1/xmole of 
a-cyclodextrin per minute under the given con- 
ditions. 

Example 2. 

10%(w/v) soluble starch solutions was prepared 
in 1 liter of 50m M phosphate buffer(pH 7) and 
ImM CaCl2.2H20 and solubilized by autoclave for 
5 min. 

After cooling the solution, 0.5g of crude 
enzyme(1700 units) prepared by the above exam- 
ple 1 was added to the solution. 

The reaction mixture was then incubated at 40 
°C for 20hr with stirring and boiled on a water bath 
for 5 min to inactivate the enzyme. 

Profile and content of cyclodextrins in the reac- 
tion mixture were determined by HPLC under the 
following conditions: Carbohydrate column (Waters 
Co., USA), Rl detector, acetonitrile/water (65/35), 
flow rate 2.0 ml/min. 

Before the analysis, the reaction mixture was 
treated with equal volume of eluent and filtered 
through a membrane(0.45 urn) to remove remain- 
ing substrate. 

As shown in Fig 1, high amount of a-cyclodex- 
trin was only detected and other cyclodextrins were 
not obsered. 

The estimated concentration of a-cyclodextrin 
was 15g per 100g of starch when compared with 
standard cyclodextrins. 

This result means that high amount of a- 
cyclodextrin is produced with a very high selectiv- 
ity in a short reaction time without any aid of toxic 
solvent or detergent to increase the ratio of a- 
cyclodextrin in reaction mixtures. 

Therefore, highly purified a-cyclodextrin prod- 
uct was easily prepared by concentration and dry- 
ing processes from a-cyclodextrin in the reaction 
mixture and consequently, it was possible to elimi- 
nate the complicated process like gel filtration in 
manufacturing processes of a-cyclodextrin. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 



Fig. 2 



Claims 



is a result of HPLC analysis for 
cyclodextrin reactant obtained Rafter re- 
action for 20 hours according to ex- 
ample of this invention, 
is a result of HPLC analysis for the 
known standard a -,and t - 
cyclodextrin produced on a commer- 
cial basis. 
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1. Klebsiella oxytoca No. 19-1 (Deposit No ; 
KCCM 10002) having the ability to digest 
starch and to produce a-cyclodextrin with a 
very high selectivity from starch. 

5 

2. A process for producing a-cyclodextrin exclu- 
sively by reacting starch as a substrate with an 
enzyme preparation selected from cultured 
medium which is obtained by cultivating mi- 
croorganism, Klebsiella oxytoca No. 19-1 ca- io 
pable of producing cyclodextrin glucanotrans- 
ferase. 
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Fig.l 




Fig. 2 




- cyclodextrin 

- cyclodextrin 

- cyclodextrin 
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